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Fioneer Vsenus is a space Zlight prcject designed to
increase rnowliedge of our nearest planetary neigabor and to
obtain information for solving atmospheric protlems on earth.
The preject involves launching twc spacecrart tc Venus in 1578.
Fiudings/Conciusions: Costs for the prcject have grown aud
technical problers have cropped up is the project. The Kational
herorautics and Space Adwministraticn's (WAS2'3) quality
assurance policy has not peen applied in t631s progrim. NASA hLas
SnowWing cungressicnal attempted to cccperate with the Scviet
Unicn in joint planetary missions, but the Soviets have chosen
L0 restrict tne relationship tc one ¢f coordirnating plenetary
gcals aund =xcnanging the results of complete missicns. Eurcpean
Space agency participat.icn in the prcject was anticipated, but
never materialized. Recommendaticns: The Administrator of NASA
shoulu: provide the Congress with an estimate ¢t tctal Picneer
venus projecc costs; inicra congressicral cclbivtees of the
AmounRTs ol project reserve funds ian tudget regyuests ter lew
projects and of now such runds are used; prcvide congressicnal
committes s with information semiannually on the status ct
Picneer Venus funds showing congressicral authcrizations,
allowments, obligatioas, and expenditures compared to trne NASA
pudget plan; provide congressional committees with intcreaticn
ON NASA's and the prime contractcr's current estimates of the
spacecraft's contract cost at completion, causes ¢f contract
cost gqrowth, and NASA's estimate c¢f the maximum ree the
contractors can earn at compleiion; direct tuat rutuie Ficheer
Venus project status reperts include inforaaticn on current
FIcChliems; and review past and current actions taken under the
imes quality assurance program for the Picneer Venus spacecraft
contract to auysure that the Government's interests are
protected. (Author/sc)
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NASA wili launch two Pioneer spacecraft in
1978 to get intormaticn on Earth’s closest
neighbor, Venus. Thes2 missions will be the
latest in a series of U.S. Venus flights which
beganin1961. Costs have grown ana technical
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CCMPTROLLER GENERAL OF THE UNITED STATES
WASHINGTON, D.C. 20848

B-183134

To the President of the Senate and the
Speaker of the House of Representatives

This report discusses the cost, schedule, and performance
status of the National Aeronautics and Space Administration's
Pioneer Venus project. It contains recommendations which,
if implenented, will provide the Congress with increased in-
formation on the project.

We made our review as part of our continuing effort to
keep the Congress informed about the status of major acguisi-
tions and to assist it in exercising its legislative and
review functions,

Our review was made pursuant to the Budget and Account-
ing Act, 1921 (31 U.S.C. 53), and the Accounting and Auditing
Act of 1950 (31 U.S.C. 67).

Copies of this repert are being sent to ths Acting Direc~
tnr, Office of Management and Budget; and the Administrator,
National Aeronautics and Space Administration.

ACTING Cmnpt@ﬁ;é&'%gi‘ac L

of the United States



COMPTROLLER GENERAL'S NATIONAL AERONAUTICS AND SPACE

REPORT TO THE CONGRESS ADMINISTRATION SHOULD PROVIDE THE
CONGRESS WITH MORE INFORMATION ON
THE PIONEER VENUS PROJECT

DIGEST
Pioneer Venus is a space flight project
designed to increase knowledge of our

nearest planetary neighbor, Venus, and to ob-
tain irformation for solving atmospheric
problens on Earth. The Project involves
launching two spacecraft to Venus in 1978.

GAO's recommendations would require NASA to
provide more information regarding NASA
programs to the congressional committees with
legislative and oversight responsibility for
NASA programs.

FINANCIAL ASPECTS OF THE PROJECT

NASA's January 1977 budget estimate for the
Pioneer Venus project was $231 million. This
13 not the full project cost. GAO identified
another $19.5 million of direct project costs.
Further, NASA's estim=“e Jid not include costs
of launching, tracking, and acquiring data from
the spacecraft, (See P. 6.)

Included in the budget estimate was $53 million
in reserve for such things as contract changes,
potential cost growth, and inflation. Infor-
mation on the size and use of reserve funds
helps the Congress identify areas where appro-
priations may be questionable because programs
have not progressed to the stage where more
funds are justified. (See P. 9.)

NASA's semiannual report on the status of the
Pioneer Venus Project does not give the Con-
gress enough information on the budgetary and
fiscal effects of the Pioneer Venus project
funding. (See p. 11.)

The principal contractor expects his contract,

originally valued at $59.¢ million, to increase
by $29.6 million to $89.2 million due mainly to

Jear s‘;ng t. Upon removal, the report .
cover date should be noted hereon. 1 PSAD-77-65




inflation, overhead rate growth, and
unanticipated technical problems. NASA'sS semi-
annual report on the status of the Pioneer
Venus project does nct provide enough detail

on contractor costs. (See p. 13.)

TECHNICAL PROBLEMS

Technical problems involving spacecraft para-
chute design, a spacecraft windew, thermal
insulation, and increases in spacecraft weight
have resulted in cost increazses and unmet test
schedules. NASA officials believe that tte
spacecraft will be ready by 1978 and that most
mission objectives will be met.

GAO believes that NASA should keep the Congress
aware of how technical problems are being
treated and their effect on the cost, schedule,
and performance of the project. (See p. 16.)

QUALITY ASSURANCE

The Ames Research Center's reiiability and
quality assurance program tor the Pioneer

Venus project has not guaranteed that the

spacecraft's equipment meets the project's
technical requirements. (See pP. 21.)

INTERNATIONAL PARTICIPATIOL o

The Soviet Union has alsc been actively ex-
ploring Venus. NASi has attempted to co-
operate with the Soviet Union in joint plane-
tary missions. However, the Soviets have
chosen to restrict the relationship to one

of coordinating planetary goals and exchang-
ing results of completed missions. (See P.
29.)

European Space Agency participation in the
project was anticipated but iever happcned,
because the Europeans put their resources
into other missions. (See p. 30.)

RECOMMENDATIONS FOR NASA

GAC recommends that the NASA Administrator:

-~Provide the Congress with an estimate of
total Pioneer Venus project costs, including

ii



Tear Sheet

a proration of support costs for launching,
“.acking, and acquiring data from the space-
craft. (See p. 9.)

--Inform congressional comnittees of (1) the
amounts of project reserve funds in budget
requests for new projects and (2) how such
funds are used. (See p. 11.)

--Provide congressional committees with infor-
mation semiannually on the status of Pioneer
Venus funds showing congressional authoriza-
tions, allotments, obligations, and expendi-
tures compared to the NASA budget plan.

.See p. 13.)

--Provide congressional committees with infor-
mation on (1) MaSA's and the prime contrac-
tor's current estimates of the spacecraft's
contract cost at completion, (2) causes of con-
tract cost growth such as inflation, project
scope changes, and technical difficulties,
and (3) NASA's estimate of the maximum fee
the contractors can earn at completion.

(See p. 15.)

--Direct that future Pioneer Venus project
status reports include information on current
problems. (See p. 20.)

--Review past and current actions taken under
the Ames quality assurance program for the
Pioneer Venus spacecraft contract to assure
that the Government's interests are protected.
(See p. 24.)

AGENCY COMMENTS

NASA is concerned about openly disclosing the
amounts of reserves in project budgets and cur-
rent estimates of contract costs and fees. The
agency did not object, however, to furnishing
such data on a restricted, individual basis

to interested Members of Congress. NASA did
not agree with GAO's recommendation to include
all project-related costs in project budget
estimates. (See app. II.)
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CHAPTER 1
INTRODUCTION

We made this review of the National Aeronautics and
Space Administration's (NASA's) Pioneer Venus project at the
rejuest of the Chairman, Senate Subcommiitee for HUD--
Independent Agencies, Committee on Appropriations. The chair-~
man asked that our report cover project cost, schedule, per-
formance, and problems associated with the project.

Pioneer Venus is a space flight project to increase
scientific knowledge of our nezrest planetary neighbor, Venus,
and to obtain information that can aid in understanding and
solving atmospheric problems on Earth. The project will send
an crbiter and a multiprobe spacecraft to Venus in 1978.

’he orbiter, to Le launched in May 1978, and the mul_iprobe
spacecraft, to be launched in August 1978, will have unigque
functions on reaching Venus.

The orbiter will be placed in an elliptical orbit around
Venus and will carry instruments to measure the planet and
its surrovnding medium. The spacecraft is to remain in orbit
and should be fully operational for at least 243 davs. The
scientific objectives for the orbiter mission are to determine

~-detailed structure of the upper atmosphere and
ionosphere of Venus,

--interacticn of the solar wind with tae
Venusian ionosphere and with the small wagnetic
field in the vicinity of the planet,

--characteristics of the atmocphere and the
surface of Venus by vse of remote-sensing
experiments, and

--more about the planet's gravity.

The spacecraft for the multiprobe mission consists of
a bus (which is the carrier and delivery system for the
probes), a large prcbe, and three identical small probes,
each carrying scientific instruments. The probes will be
released from the bus before encountering Venus to measure
physical and chemical properties at widely separated points
through the atmosphere to the planet's surface. The bus will
be targeted for entry after the probes have been released
and will measure Venus' upp=r atmosphere before bur ing up.
The scientific objectives for the multiprokte mission are to
determine the



—-nature and composition of the clouds,

~-composition and structure of the atmosphere '
from the surface to high altitudes, and

--general circulation pattern of the
atmosphere.

WHY EXPLOF. VENUS?

In several respects, Venus and Earth appear to be almost
twin planets. They are about the same size and have about
the same density. The difference in their distance from the
sun i3 relatively small; however, Venus receives about twice
the amount of solar energy over a given area as does Earth.
If neither planet had an atmosphere and the surface reflection
was similar, the surface temperature on Venus wovld only be
slightly higher than that on Earth.

Yet, there are striking differences between the two
planets. For example, Earth is covered with an atmosphere
and has oceans which are conducive to life as we know it.

In comparison, Venus is covered with a hot, dry atmosphere

of which 90 percent or more is apparently carbon dioxide.
There is almost no oxygen or water. The surface atmospheric
pressure on Venus is about one hundred times greater than the
surface pressure on Earth, and the temperature is about 800
degrees Fahrenheit at the surface.

Why did NASA decide to explore Venus? Primarily to de-
termine why Venus, which is so similar to Earth in many re-
spects, differs so much from Earth in other respects. Why is
a planet that might be our twin so hostile to our type of
1ife? NASA and other scientists want to determine whether
Venus started with certain essential differences from Earth
which caused it to follow a different evolutionary vath cor
whether Earth could still evolve as did Venus. Furthermore,
scientists may be able to learn something of the possible
effects on Earth from the increasing carbon dioxide in our
atmosphere (a result of burning fossil fuel) and the result
of depleting the tlanket of ozone in our stratosphere.

In a June 1970 scudy by the Space 5Science Board of the
National Academy of Sciences entitled "Venus: Strategy for
Exploration," the question "Why explore Venus now?" was
addressed. The report pointed out that problems such as the
origin of the solar system, the origin of life, and the large-
scale processes that control man's environment, would have



to be considered in terms of information on several

planets rather than a single planet., The report indicated
that the detail of these studies would differ from one

planet to another. For example, much more would be known
about Earth's environment as compared to the very small
amounts of information on some of the outer planets and the
difficulty of substantially increasing this information. It
also stated that the most striking weakness in our information
about the inner planets was the absence of almost any firm
information about the solid surface and lower atmosphere o
Venus. :

The report pointed out that

"1f we corsider the need for Venus research
in terms of particular examples we find striking
examples of bow knowledge of this planet can
illuminate cur knowledge of Earth. The surprise
effect of the unexpcocte ' ionospheric data on both
Mars and Venus has led to timely re-examination
of fixed 1leas about the earth's ionosphere.
Studies of atmospheric circulations in slowly
rotating atmospheres have provideA new ideas
applicable to tropical meteorology. The extensive
cloud systems of Venus have led to investigations
of the coupling between clouds and motions not yet
undertaken on earth. The question of why Venus
has a complete clould cover and a high surface
temperature is beainning to interest those con-
cerned with possible environmental changes on
earth. This is not so much in the belief thact
earth might go the way of Venus if the atmosphere
is sufficiently polluted but rather with the
thought that Venus is an observable example of a
class of problem that concerns our own environment."

In summary, scientists believed that sufficient reasons
existed to explore Venus and that the time was right for the
combined crbital and atmospheric entry probe missions of the
Pioneer Venus~ project.

ORIGIN OF PIONEER VENUS PROJECT

Planning for the Picvcer Venus project began about 1968.
Before that time there had been a number of U.S. and
Russian (Venera) missions to Venus. (See app. I.) In June
1968 the Space Science Board published a study entitled
"Planetary Exploration 1968~1975," which suggested that a
number of planetary exploratiosn missions be conducted to cover



a broad range of scientific disciplines. The Board recommended
that NASA initiate a spacecraft program for orbiting Venus

and Mars and for exploring other planets. During the period
1968--1970, several stuaies were conducted on the feasibility
of orbiter and probe missions to Venus.

In June 1970 the Space Science Board recommended that
Venus explocation be prominent in NASA's program and that
ASA actively seek collaboration of other nations' space organ-
izations in carrying out such exploration. At NASA's request,
the Space Science Board in July 1970 began "A Study on Pri-
orities in Space Science and Earth Observations."™ The study's
purpose was to determine the criteria for relative priorities
and to recommend levels of effort and support to be allocated
to various NASA programs. The study group considered the
continuing exploration of Venus as a base mission which should
be a part of any space science and applications program 1in
the 1970s. ‘

The study group believed that close scrutiny of Mars
and Venus, our nearest planetary neighbors, was very important
to our space science program. Considering missions to Ve.us
as a key ingredient of the planetary program, the group
recommencded:

"% * * a3 launch schedule involving two probes in
1975, followed by an orbiter in 1976, and follow-
up missions whose character should be strongly
influenced by results obtained in the early
flights. We consider low-cost surface science

to be of high priority. The Planetary Explorer
shows promise of providing this option. It
should be carefully studied, and we would warmly
endorse it if the cost is in line with the Plan-
etary Explorer concept * * *_ "

The feasibility study for the Venus missions was con-
ducted at Goddarda Space Flight Center. In January 1972 NASA
transferred the project to Ames Research Center.

After the project was moved to Ames, teams headed by
two major aerospace companies--TRW, Inc., and Hughes Aircraft
Company--conducted a competitive system definition study.
Hughes received the spacecraft system contract in May 1974.
Aiies has issued additional contracts and letters of agreement
to other contractors and NASA space centers for design and
fabrication of the spacecraft scientific instruments.



NASA headquarters currently estimates the total cost of
the Pioneer Venus program, including the launch vchicle, flight
support, and tracking and data acquisition costs, at about
$231 million.,

PROJECT MANAGEMENT

NASA's Office of Space Science is responsible for
the overall direction of the Pioneer project. The Associate
Administrator for Space- Science has management responsibilities
for overall program development, selection of scientific ex-
periments and experimenters for the missions, technical
direction and evaluation of the project, and continuing
leadership in external relationships.

Detailed project management responsibility for all
Pioneer missions has been assigned to Ames Research Center,
which established a Pioneer project office. The Jet Propul-
sion Laboratory, which operates the NASA Deep Space Network,
is responsible for tracking and data acquisition. NASA's
Lewis Research Center manages launch vehicles, and Kennedy
Space Center is responsible for launch operations.

SCOPE OF REVIEW

Our review was conducteu at Ames Research Center, Moffett
Field, California, and at NASA headquarters, Washington, D.C.
We reviewed proiect plans, reports, correspondence, and other
documents, and held discussions with Ames and NASA headquarters
personnel.

N..?A's comments on our proposed report appear in appen-
dix II.



CHAPTER 2
FINANCIAL ASPECTS OF PROJECT

The Pioneer Venus project will cost over $250 million.
This chapter presents information on NASA's estimates of pro-
ject costs, costs not included in NASA's estimates, reserve
accounts, project funding, and contract cost growth.

PROJECT COSTS

NASA's October 1974 project cost estimate of $208 million
has increased by $23 million to $231 miliion. The following
table compares NASA's October 1974 and January 1977 project
cost estimates.

Pioneer Venus Project Cost Estimates

NASA MASA
estimate estimate
October January
1974 . 1977
Cost element (note_a) Changes (note b)
------------ (millions)===em——meaaoo
Spacecraft, experi-
ments, and ground
operations $170.0 $ 9.3 $179.3
Launch vehicles 30.8 6.8 37.6
Flight support (note c¢) 7.0 (4.6) 2.4
Tracking and data
acquisition - 11.8 11.8
Total $207.8 $23.3 $231.1
“—-

a/Estimate contained in NASA's "Pioneer Venus Project Approval
Document."

b/Estimate contained in NASA's January 1977 project status report.
¢/Flight support is the computer processing and display capa-

T bility tc support telemetry, tracking, and command functions
for all planetary spacecraft.



The $9.3 million increase in costs of spacecraft, experiments,
and ground operations is a reserve account held by NASA hezsad-
quarters. (See p. 10.) We did not perform a detailed analysis
cf the $6.8 million increase in costs of launch vehicles;
however, technical problems and inflation appear to “e the
major causes of this increase.

The $4.6 million decrease in flight support costs resulted
primarily from a determination that some of the support could
be provided by the project office at Ames using existing
computers. NASA had originally assumed that the bulk of this
support would be provided by the Jet Propulsion Laboratory
(JPL) .

The $11.8 million added for tracking and data acquisition
costs covers equipment bought for the project, modifications
to existing equipment, and unique engineering and operationr
support.

Costs not included in NASA estimates

NASA's estimates do not contain $19.5 million of direct
costs needed to support the project--$10 million for personnel.
$8.8 million for advanced design effort, and $0.7 million
incurred by the Energy Research and D=2velopment Administration
(ERDA). In addition, NASA has not allocated certain costs,
such as operating and maintenance costs at JPL and Kennedy
Space Center, incurred to support the project.

The $10 million for personnel costs is our estimate
of civil service salary and related costs incurred by Ames
to support the project. It is based on an Ames estimate
that 354 staff-years would be required for the project. NASA
takes the position that project civil service salaries should
not be classed as project costs because they

"* * * gre relatively fixed, are not sensitive
to the inclusion or exclusion of any one
project and would be misleading as tc the
economic impact of the project on the hudget
if they were included.”

We take the position that all of NASA's costs have
an economic impact on its budget and that project cost
estimates should include the salaries and related costs
of civil service personnel supporting the project.



Ames' funding summaries show that $6.8 millicn of advanced
technology development funds were used duiing the early stages
of the project for advanced design definition and preliminary
design efforts. NASA stated that $4.5 million of the $8.8
million (1) relates to work which, while applicable to Pioneer
Venus, was undertaken and partially carried out before a
specific Pioneer Venus mission was defined and (2) would
also be applicable to other missions. The $4.3 million
balance related to funds used to extend the definition and
conceptual design phase of the project. Although there
are notations in NASA's project status reports identifying
the $4.3 million, tire amount is not included in the $231.1
million January 1977 cost estimate.

The $4.3 million clearly should be included in the
project cost estimates as it was all directly related to
the project. Although »ther missions may have benefitted
from some of the work pe¢id for with the $4.5 million, Ames
officials apparently fel: that the Pioneer Venus project
benefitted sufficiently to allocate the total costs to it.
While morc precise allocations might be made, we believe
that assignment of the entire $8.8 million to the Pioneer
Venus project is reasonabl-:.

ERDA is participating in the design and development
of one ¢f the project's scicentific instruments., The ' alue
of this effort is estimated at $0.7 million., NASA informed
us that it does not have the responsibility or ability to
monitor other agencies' cost:is and that attempts to include
them in project cost estimates could lead to inaccuracies.

The launch vehicle and tracking and data acquisition
costs contaiied in NASA's est.imates are directly associated
with the project. Substantiial amounts of support costs are
involved in launching, tracking, and acquiring data from
spacecraft which are not included in the estimate. These
costs are incurred at such places as JPL, the Goddard Space
Center, and the Kennedy Space Center. NA3A's rationale
for excluding allocations ¢ZI these support costs from
its project cost estimate .s the same as its rationale
for excluding civil service costs.

Our concern about the need for NASA to include all pro-
ject-related costs in its estimates was discusned in our
report to the Congress “Improved Reporting Needed on National
Aeronautics and Space Admin .stration Projects," (PSAD-77-54,
Jan. 27, 1977). We recommended that the Administrator of
NASA modify the semiennual project status reports to provide
an additional single figure showing total project costs which



include civil service support directly assiqned to the
project, a proration of NASA's fixed costs, and costs incurred
by other agencies supporting the project. NASA did not accept
our recommendation. Accordingly, Pioneer Venus project status
reports do not provide the Congress with information on total
project costs.

In commenting on a proposed copy of this report, NASA
did not change its position on giving the Congress an estimate
of total Pioneer Venus project costs.

Conclusions and recommendation

The Congress needs complete cost information on projects
it authorizes and funds. NASA's project budget estimates
should include civil service support directly assigned to
the project and a proration of relatively fixed support costs
for launching, :racking, and acquiring data from the space-
craft. We recognize that fixed costs will continue unchanged
over the stort run if a project is not undertaken; however,
in the long run, all of NASA's costs--fixed and variable--have
an economic impact on the NASA budget.

Project budget estimates should also include costs in-
curred by other agencies in support of the project. Only
a minimum of effort would be required for NASA to solicit
this data from participating agencies and include it in the
estimates.

NASA estimates the Pioneer Venus project cost at $231
million. However, we identified additional project costs
amcunting to $19.5 million--not including a proration of
support costs fcr launching, tracking, and acquiring data
from the spacecraft.

We recommerd that the NASA Administrator provide the
Congress with an estimate of total Pioneer Venus project
costs, including a proration of support costs for launching,
tracking, and acquiring data from the spacecraft. NASA
stated that costs of this type represent a baseline capability
not sensitive to inclusion or exclusion in the budget of
any one project,

RESERVE ACCOUNTS

When requesting us to review the Pioneer Venus project,
the chairman of the Senate Subcommittee for HUD--Independent
Agencies, Committee on Appropriations said that the subcom-
mittee is concerned with identifying areas where the



appropriation of funds may be questionable because programs
have not yet progressed to the stage where additional funds
are justified. Accordingly, we inquired into project reserve
accounts and project funding.

when making up project budget estirates, NASA officials
include an amount for reserves to cover such things as con-
tract changes, potential cost growth, and inflation. NASA
officials have stated that a research and development project
is subject to considerable change during its lifetime. As
more knowledge is acquired, contract prices are subject
to readjustment. They also stated that the key to project
cost administration lies in the Government's ability to retain
reserves for changes and to administer the project so that
total project cost is controlled. NASA officials have also
stated that they do not believe project ireserves should be
openly reported because of the possibility of compromising
the Government's position in contract negotiations.

We identified and examined project reserve accounts
relating to the $179.3 million cost estimate for spacecraft,
experiments, and ground operations. About 30 percent, or
$53.3 million, of the estimate consisted of reserves.

The 1974 project estimates prepared by Ames included
reserve accounts of $44 million for the Ames project office.
Ames officials advised us that the size of the reserve and
its use over the life of the project are normal and expected
on a project of this nature. Prior Pioneer project cost ex-
perience and estimates were used in computing the reserve
accounts. We analyzed the use of 11 reserve accounts con-
taining $14.6 million in fiscal year 1976 and found that
$12.1 million had been transferred to specific cost accounts
during that year.

In addition to the reserves at Ames, NASA headquarters
held in reserve $4.3 million of fiscal year 1975 funds and
$5 million of fiscal year 1977 funds.

Conclusions and recommendation

Establishing and properly using reserves is a prudent
management technique. There is, of course, a danger of
becoming lax in managing resources because of knowledge that
there are reserves available to bail one out of difficulty.
This danger is heightened in cases where the Government is
procuring items under cost-type contract. Such situations

10



requite that clear understandings on the respective
responsibilities of Government and contractor be reached
during negotiations and that the Government adeguately
monitor the contractor's cost and technical performance.

We understand NASA's reluctance to report project re-
serves openly. Presumably sucn knowledge could give a con-
tractor a better negotiating position. However, we do not
believe that this information should be kept from the Con-
gress. The Congress should know of the amounts 2f reserve
funds built into project estimates and how they are actually
used. With such knowledge the Congress will be in a better
position to review requests for increased project funds.

We recommend that the NASA Administrator inform cogni-
zant congressional committees of (1) the amounts of project
reserve funds in budget requests for new projects and (2)
how such funds are used. 1In commenting on our proposed re-
port, NASA stated that it had no objection to furnishing
such data on a restricted basis to interested Members of
Congress.

PROJECT FUNDING

As previously discussed, we inquired into reserve
accounts because of congressional concern over possible
premature appropriations. We also inquired into project
funding because of this concern. We analyzed the use
of authorized funds as of September 30, 1976, for that part
of the project under the control of Ames officials, as shown
in the table on the following page. The budget plan data
was taken from the October 1974 Pioneer Venus project plan
and represents the planned release of funds to Ames. The
allotment data represents funds actually released to Ames by
NASA headquarters. Obligation ¢nd expenditure data include
transactions for Ames made by Goddard Space Flight Center
and the Jet Propulsion Laboratory.

Our concern about the need for NASA to provide the
Congress with more detailed information on the status of
project funds was discussed in our report to the Congress
"Improved Reporting Needed on National Aeronautics and Space
Administration Projects," (PSAD-77-54, Jan. 27, 1977). 1In
that report we stated that NASA's semiannual reports do
not present sufficient funding information. We recommended
that NASA provide information in its semiannual project
status reports showing the status of congressional author-
izations, allotments, obligations, and expenditures com-
pared to the project budget plan on a year-by-year basis.
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NASA did not accept our recommendation. Accordingly,
Pioneer Venus project status reports do not give the Congress
cdetailed information on the status of project funds.

NASA takes the position that the semiannual repurt is
not a suitable vehicle for detailed fiscal analysis and that
data on its projects are always available to the Congress.

Conclusion and recommendation

The Congress will be better informed of the budget and
fiscal effects of individual pProjects if it has more detailed
project funding information. Such information should help
the Congress in deciding on the amounts and timing of author-
izations and appropriations. We believe that this information
is fundamental and should be automatically provided to the
Congress periodically.

Therefore, we recommend that the NASA Administrator
provide cognizant congressional committees with information
semiannually on the status of Pioneer Venus funds showing
congressional authorizations, allotments, obligations, and
expenditures compared to the NASA budget plan. It is NASA's
position that the project status reports should not contain
such information and that fiscal progress reporting is already
covered in complete detail in its regular management informa-
tion system.

CONTRACT COST GROWTH

On May 1, 1974, Ames Research Center entered into a
two-phase contract with Hughes Aircraft Company, El Segundo,
California. Phase I, initially priced at $2.8 million and
later increased to $3.6 million, was for the conceptual design
of the Pioneer Venus multiprobe and orbiter spacecraft. The
contract included an option to incorporate Phase II for
the design, development, and operation of the spacecraft
systems. Ames exercised its option on November 11, 1974,
entering into a cost-plus-award-fee contract with an esti-
mated cost of $59.6 milliorn (including the Phase I coust)
and a maximum award fee of about $8.9 million.

In August 1976 Hughes submitted a coc* growth proposal
totaling about $19.3 million. The company attributed the
cost growth to

-=-$11.5 million for inflation and an increase in
the approved overhead rate and
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~-$8 million for unanticipated technical problems.

Considering this cost growth and previously proposed con-
tract change orders, Hughes estimated that the cost of the
spacecraft contract at completion would be about $81.6
million--$22 million more than the negotiated cost. The
company 2lso pointed out that there might be additional
unanticipated problems and requested that a reserve of
$5.1 million be apportioned to the contract to deal with
such problems should they occur. Hughes March 1977
estimate of contract cost at completion was $89.2 million.

Contract cost growths of this size are matters of concern
to the Congress. The Chairman of the Senate Subcommittee
for HUD--Independent Agencies, Committee on Appropriations,
requested during fiscal year 1976 hearings that NASA prepare
semiannual status reports on its projects patterned after
the Department of Defense's (DOD's) seletted acquisition
reports. DOD submits periodic reports to the Congress that
provide detailed information on contract cost changes because
of technical difficulties, inflation, and project scope changes
incurred on selected projects. However, NASA's project status
reports do not contain this information. Accordingly, the
Pioneer Venus project status reports do not give the Congress
information on contract cost growth.

NASA objects to including detailed contractor data
in project status reports. In commenting on this report,
NASA stated

"x * * the type of contractor cost data

that is included in Department of Defense
Selected Acquisition Reports might be

more appropriate when procuring to well-
defined specifications and prime contractor
performance can be relatively independent

of development problems. However, in the
case of rescearch and development procurement,
the project is subject to considerable
change during i*s lifetime.

"The key to project cost administration
lies in the government's ability to rovide
properly for anticipated changes and to
administer the project so that total
project cost is controlled.”
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NASA's primary concern appears to be that its

"+ * * egtimates of run-out costs of individual
tracts must be protected from public disclosure
(1) avoid prejudicing the Government in future

aegotiations with the contractors and (2) avoid

the disclosure of data which would permit con-
tractors to predicate their claims on NASA's
estimates of projected costs."

Conclusions and recommendation

The Congress will be better informed of the reasons for
project cost growth if provided with more detailed contract
cost data. We understand NASA's reluctance to openly report
this information, but we believe it should be reported to
those committees exercising .egislative responsibilities
over NASA's activities.

"ccordingly, we recommend that the NASA Administrator
provide cognizant congressional committees with information
on (1) NASA's and the prime contractor's current estimates
of the cost of the spacecraft's contract cost at completion,
(2) causes of contract cost growth, such as inflation, project
scope changes, and technical difficulties, and (3) NASA's
estimate of the maximum fee the contractor can earn at com-
pletion.

Ii. commenting on a draft of this report, NASA said
it would have no objection to furnishing such data on a
restricted individual basis to interested Members of
Congress.
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CHAPTER 3

TECHNICAL PROBLEMS

Our review of selected aspects of the design, development,
and procurement of the spacecraft and scientific instruments
disclosed problems that have caused significant cost increases
and affected test schedules. Ames officials, however, believe
that the spacecraft will be ready by the 1978 launch dates
and that the planned mission objectives will be substantially
achieved.

SPACECRAFT TECHNICAL PROBLEMS

The important problems in the design and development
of the spacecraft that concern project officials are discussed
in the following paragraphs.

Large probe parachute

The large probe will descend through the upper atmos-
pher: of Venus on a parachute and fall freely through the
lower atmosphere after the parachute is released. The prime
contractor has experienced major problems in the development
and test of the parachute wnich have affected system test
schedules and increased project costs.

For example, Ames officials advised us that the para-
chute's test schedule had slipped about 6 months. The nroject
originally required only twno parachute drop tests and two
flight qualification tests. Because of four successive drop
test failures, the requirement was increased to a total of
eight tests, and the parachute had to be redesigned several
times. The mo't recent design was beiry tested at the
time of our review. We subsequently learned that the tests
were successfully completed.

Systems environmental tests were originally planned to
include the parachute. However, because of the most recent
change in design and resulting schedule delays, the parachute
will not be ready for environmental tests with the other
systems. Therefore, Ames now plans to test the parachute
separately. Ames uofficials advised us that this decision
would cause a siight risk in achieving a trouble-free mission.

As a result of these problems ana decisions, the cost
estimate for developing and testing the parachute increased
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from about $1 million to $2.1 million. 1In addition, a
scientific instrument had to be mcdified at a cost of
$84,400 because of a decision to release the parachute at
a higher altitude.

Spacecraft window

Developing a satisfactory wincdow in the large probe
for one of the scientific instruments has been a problem.
Unless this problem is solved, the large probe infrared
radiometer positioned at the window may not meet its mission
objectives.

The radiometer will provide scientific data to

--better understand the dynamics and properties
cf the Venusian atmosphere,

--detect the location of the cloud layers and
indicate their composition, and

--measure the quantity of water vapor in the lower
atmosphere.

While most instrument windows in the large probe are
made of sapphire, diamond was found to be the only material
capable of both meeting the optical requirements of the
infrared radiometer and surviving in the Venusian temperature
and pressure. Using natural diamond increased costs by
about $118,000. The diamond window will be shaped in the
foem of a 32-sided polygon, and it is to be brazed, or
sealed, to the metal window support. Although diamond-to-
metal brazeco are pos=ible, a vacuum-tight braze between
diamond and metal has never been made.

Ames officials advised us that the prime contractor
ha= beer working on the brazing problem for about a year
without complete resolution. They stated that unless this
problem is resolved, the infrared radiometer on the large
probe will be unable to do what it was designed for. The
Ames project manager agreed that this was a major problem.
He stated that alternate types of window supports would
be tested before giving up on the nse of this scientific
instrument. He expects the problem to be resolved before
the launch date.
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Spacecraft weight

Spacecraft weight problems have confronted the prime
contractor since the design phase of the contract in 1974.
At that time, Ames was very critical of the prime contractor's
approach to solving the problem, pointing out that the space-
craft weight requiremants " * * * have grown at an excessive
rate with very little evidence that the designers were
being pressed to justify these ‘increases, or to live within
their prescribed budagets." Although the contractor subse-
quently established a weight review and control program and
tracked potential changes in weight, the spacecraft weight
continued to increase.

To alleviate the weight problem, several critical and
costly design decisions were made. For example, one of the
most crucial design problems occurred early in 1975 when
weight increases necessitated a decision to change the large
&nd small probe pressure vessels from steel to titanium.

Not only did this decision create problems in keeping the
overall project on schedule, it alsoc resulted in substantial
cost increases. NASA estimated that the maximum cost increase
for the weight reduction program was about $1.1 million.

Even with these changes, spacecraft weight continued
to be a critical problem. When it became apparent early
in 1976 that the prime contractor was faced with substantial
cost increases to control spacecraft weight, Ames decided
to:

--Reduce the launch opportunity (the time periods
that the launches may take place) by 4 to 6
days each.

--Release the launch vehicle nose fairinas
(structures to reduce draa) at 2 lower
altitude during the launch.

--Boost each spacecraft into a lower Earth orbit
before placing it into a flight trajectory
toward Venus.

While these decisions permit a higher weight limit for
the spacecraft, they are not entirely without risk. Ames
officials believe that these decisions may involve additional
risks in spacecraft heating and contamination. They believe,
however, that the actions were necessary to keep the contrac-
tor from spending excessive funds or compromising system
performance.
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INSTRUMENT TECHNICAL PROBLEMS

The instrument contractors generally are regquired to
deliver test instruments for design verification and
interface compatibility testing before delivering the
flight instruments. Management reports at Ames showed
that the current qualification testing and delivery
schedules for a number of the design verification units
are from 1 tc 6 months behind their original schedules.

To determine the reasons for these schedule slippages
and their impact on the project, we reviewed data relating
tc 12 of the project's instruments. We learned that:

--The most prevalent problem involved delays in
delivery of electronic parts to the contractors.
(See discussion in the following section.)

--Several of the instruments experienced technical
problems, resulting in costly redesign effort.

Ames officials advised us that these problems either had
been or would be resolved.

Officials at Ames also advised us that they considered
the technical problems experienced with the instruments
normal for this type of project. They said that the
instrument problems we have mentioned will have no impor tant
effect on project test schedules, and they do not expect
Planned flight schedules to be affected.

PROCUREMENT OF ELECTRONIC PARTS

In April 1975 Ames signed a fixed-price contract with
DCA Reliability Laboratory, Mountain View, California, to
buy and screen common electronic parts required by several
scientific instrument contractors. Ames believed that
ccnsolidated purchasing and screening would be cost effective.

Problems encountered in managing this parts program
included:

--Contractors ordered parts before completing their
designs, resulting in many change orders, new
parts orders, and subsequent delays in parts
deliveries.

--Parts suppliers had difficulties in filling orders.
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--DCA waited too long to consolidate procurements
and then did not expedite delivery to the instru-
ment ccntractors after receiving the parts from
suppliers.

As a result of these and other problems in obtaining elec-
tronic parts, some instrument contractors projected delays
of several months in having their instruments ready for
project tests.,

This attempt to procure and screen electronic parts on a
consolidated basis has turned out to be muce expensive than
originally anticipated. According to Ames officials, the
late delivery of parts has already resulted in claims from
contractors amounting to over $1 million and additional claims
are expected. In addition, DCA has proposed increasing the
contract price, stating that the many unexpected problems
caused the company to incur costs of more than $500,000 on
its $102,000 fixed-price contract. Ames was considering
this proposal at the time of our fieldwork. Later, we
learned that Ames rejected the proposal and that DCA has
submitted a rebuttal.

CONCLUSIONS AND RECOMMENDATIONS

The problems discussed in this chapter have caused cost
increases and delayed test schedules; however, Ames officials
believe that the spacecraft will be launched on schedule.

We believe that NASA should keep the Congress informed
of how technical problems are being treated and of their
effect on the cost, schedule, and pverformance of the project.
Therefore, we recommend that the NASA Administrator direct
that future Pioneer Venus project status reports include
information on current problems.

After reviewing a proposed copy of this report, NASA
issued its July 1977 status report which discusses some
Pioneer Venus technical problems. This is a step in the right
direction, and we look forward to more of the same on future
status reports.
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CdHAPTER 4

ettt s

NEED FOR AN EFFECTIVE PIONEER VENUS

QUALITY ASSURANCE PROGRAM

Ames' reliability and quality assurance program for the
Pioneer Venus project has been inadequate for making sure
that the spacecraft hardware meets the project's technical
requirements. As a result, NASA was assuming a major risk
that was not warranted for this important project. Ames
initiated its quality surveillance program at the contractor's
plant after we completed our fieldwork; however, we do not
know if the program is adequate.

NASA procurement regulations require that (1) quality
assurance inspections on behalf of the Government shall
be conducted in all cases prior to acceptance of products
from contractors, (2) inspection shall be done by or under
the supervision of Government perscnnel, and (3) contract
provisions shall not preclude the Government from performing
these inspections. Section 14.103 of the regulations
proviacs that:

"In the interest of achieving economy and efficiency
in the inspection of contract items, procurement
offices shail utilize the services of other executive
agencies to ensurc the most econcmical and effective
inspection consistent with the best interests

of the Government. The vurpose of inspection inter-
change agreements is to e’iminate duplication, over-
lapping, or multiple assignuents of Government
inspection activity in any one plant."

While this section of the regulations is very specific,
Section 51.304 provides that contracting officers have

the option of delegating reliability and quality assurance
functions to other Government organizations or retaining
such responsibilities within their installations.

NASA's policy is to make optimum use of contract adminis-
tration and related contract support functions available from
DOD and other Government agencies. For Pioneer Venus, how-
ever, we were advised that NASA placed special emphasis on
low cost and encouraged bidders to suggest methods for cost
savings.

Hughes Aircraft Company, in submitting its spacecraft
contract proposal in 1973, pointed out that the request for
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procurement indicated that quality ac:urarice functions
wouid be delegated by Ames to Air Force plant representa-
tives at the Hughes plant. Hughes recommended that in the
interest vf reducing costs the quality assurance function
not be delegated. The company said that the delays caused
by delegating Gcvernment inspection functions would cost it
about $200,000 and recommended that Hughes in-house

quality control be relied on.

Ames officials told us that they disagreed with the
recommendation and suggested that Hughes add the $200,000
to its total proposed cost. They further stated that:

1. Hughes told Ames personnel during contract negotia-
tions that the $200,000 was a meaningless figure,
and that it would be necessary for the company
to submit an entirely new contract cost proposal
if the recommendation was not accepted.

2. After discussing Hughrs quality assurance
program with other Government agency officials
and considering the effects on the project's
cost and schedules by not accepting the con-
tractor's recommendation, Ames management
determined that the degree of risk ass-Zicted
with Hughes recommendation was acceptable.

As a result, the spacecraft contract with Hughes does not
allow delegation of Govarnment responsibility for quality
assurance functions. Ames remains responsible for these func-
tions as well as for final inspection and acceptance of items
to be delivered under the contract. NASA advised us that Ames
considered accomplishing its technical and quality assurance
surveillance functions by hiring in-plant technical represen-
tatives and later, during the systems' integration and test
phase, contracting for quality assurance personnel.

During a March 1975 NASA headquarters survey of safaty,
reliability, and quality assurance functions at Ames, it was
noted that NASA's standard practice of using available DOD
activities to perform selected quality assurance tasks had
been completely deleted from the Pioneer Venus contract. The
survey report stated that:

"The elimination of the DOD QA ([Defense quality
assurance] surveillance and in-process mandatory
inspection does nu: provide NASA with the assurance
thet f£light hardware me=2ts the workmanship and
quality standards required to successfully perform
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the Venus orbit and multiprobe missions. This
condition is doubly significant because of the
limited quantity of flight hardware * * *_»

The survey repnrt recommended that Ames (1) renegotiate
the contract to permit delegation of quality assurance
functions to the Air Force Plant Representative's Office
or (2) assign a sufficient number of qualicy assurance
personnel to accomplish these functions.

Ames reply to the survey report was that it had agreed
with Hughes during negotiations that nondelegation of the
quality control function would result in major savings
to the low cost program. Therefore, Ames had exercised
its project management prerogative to implement this decision
by contract. According to Ames officials, it is now too late
to renegotiate the contract. The officials said that this
may be the only major NASA contract to contain such a provi-
sion.

At the time of our review, Ames officials were apprehen-
sive about the current situation. They stated that problems
generally do not become visible until an item or system is
tested. As an example of a quality assurance p?bblem, they
cited an instance of a probe structure that fell apart
during a vibration test because the screws and screw hole
drillings holding the structure together were inadequate.
They also stated that they do not know whether the contrac-
tor's reliability and quality assurance program has been
effectively implemented on the Pioneer Venus project
because the Government was not monitoring the contractor's
inspection program.

According to Ames officials, quality assurance inspec-
tions had not been conducted at the contractor's plant
because of insufficient staffing. They told us that Ames
had been considering either (1) increasing the number of
personnei assigned to Ames Quality assurance office or
(2) requesting that Air Force guality assurance personnel
be temporarily detailed to work for Ames, but that neither
of these alternatives had been carried out. The Ames
Preject manager said that he has two spacecraft technical
representatiVes assigned to the contractor's plant, but
that they are primarily responsible for technical liaisorn
functions rather than quality assurance functions.

Officials at Ames said that the lack of Government

quality assurance functions at the contractor's plant created
a significant risk that the Fioneer Venus missions would not
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pe completed successfully. If major problems are encountered
during final systems tests, remedying the situation on a
timely basis could become very costly.

CONCLUSIONS AND RECOMMENDATION

Ames has deviated from NASA's policy of delegating
quality assurance responsibilities to Government represen-
tatives at the Hughes plant and has performed only limited
quality assurance inspections on its own. Accordingly,
the Pioneer Venus project, costing in excess of $250 million,
has been carried out without the usual Government control
(Air Force plant representatives performing inspections)
over the quality of the items being bought under the space-
craft contract. We do not believe such a risk was
warranted.

In a proposed copy of this report, we recommended that
the NASA Administrator review the Ames quality assurance pro-
gram for the Pioneer Venus spacecraft contract and take
action, if needed, to adequately protect the Government's
investment in the project. :

After we completed our fieldwork Ames placed three
quality assurance representatives at the contractor's plant.
NASA told us that this had been Ames intended procedure for
pcoviding quality assurance surveillance. We understand also
that Ames is planning to contract for additional personnel
for its quality assurance efforts at the contractor's plant.

NASA believes that this surveillance, plus an award fee
that depends mostly on successful spacecraft performance,
offers good protection to the Government. The agency said
that the effectiveness of this approach cannot be evaluated,
however, until the final test results and the spacecraft
flight performance are available.

We recommend that the NASA Administrator review the past
and current actions taken under the Ames quality assurance
program for the Pioneer Venus spacecraft contract to assure
that the Government's interests are protected.
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CHAPTER 5

INTERNATIONAL COOPERATION

Substantial and increasing amounts of money are being
spent on space exploration. The United States and the Soviet
Union have spent hundreds of millions of dollars in exploring
Venus. As shown in appendix I, the Soviet Union has launched
10 Venera spacecraft to Venus compared to 4 Mariner spacecraft
launched by the United States. NASA considers the two programs
to be complementary since Soviet emphasis is on the geology
and chemistry of Venus' surface, while Pioneer Venus is pri-
marily concerned with detailed information on Venus' atmos-
phere. Although specific Soviet mission tasks may have dif-
fered from U.S. tasks in technical approach and objectives,
there has been concern about duplication in the two indepen-
dent exploration programs and the need for more cooperation
between the United States and the Soviet Union.

NASA recognjzes the problem of spiraling costs in space
exploration and has indicated that international cooperation
will be necessary for the United States to undertake a signif-
icant portion of its hoped-for projects during the next 15
years. With respect to Venus, NASA's 5-year plan envisions a
fiscal year 1980 new start for an orbiting-imaging radar to
map the surface of the planet.

The National Academy of Sciences has recommended for many
years that the United States actively seek cooperation and
collaboration with other nations in planetary exploration,
particularly of Venus. Although NASA has made efforts in
this regard, the Soviets have not chosen to cooperate in
coordinating their planetary programs with the United States.

In July 1968 the Space Science Board of the National
Academy of Sciences issued a report addressing the need for
cooperation in planetary exploration between the United States
and the Soviet Union. 1Its report showed duplication in the
programs of the two countries for exploring Venus. For
example, the U.S., Mariner 5 Venus flyby mission in 1967 parti-
ally duplicated the Soviet's Venera 4 mission that had just
been completed, during which a probe penetrated the atmos-
phere of Venus. While agreeing that some duplication may have
been valuable during the early stages of space exploration,
the Board recommended that representatives of NASA, the
Department of State, and the National Academy of Sciences
informally contact Soviet scientists about the possibility
of joint planning of planetary exploration.
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A space task group report to the President in September
1969 pointed out that numerous specific technical opportuni-
ties for cooperation with the Soviet Union were available.
Mar.y of these opportunities had been offered to the Soviet
Union over the years with little success. The report con-
cluded that in view of the heavy Soviet commitment,
planetary exploration appears to offer unusual opportuni-
ties for ccmplementary activities.

In a June 1970 report entitled "Venus - Strategy for
Exploration," the Space Scieuce Board stated that there
had been a number of international collaboration projects
in geophysics and that similar collaboration in planetary
exploration was a natural extension of these successful
projects. Considering that the investigation of Venus was
most suitable for collaboration with scientists of other
nations, the Board again recommended that NASA actively
seek other national space organizations to participate in
planning and carrying out these investigations.

A 1971 staff report to the Senate Committee on Aeronau-
tical and Space Sciences indicated that the Soviet Union,
according to its political and scientific leaders, was
committed to the principle of space cooperation. For
example, the Soviet Union formally initiated cooperation
with France as early as June 1966 and has engaged in coopera-
tive scientific endeavors with communist bloc nations.
Although advancing the principle of space cooperation in
international relations, the Soviets have failed in the past
to respond wholeheartedly to U.S. offers of cooperation.
NASA considers that Soviet programs with Eastern Europe and
France are limited in scope.

In 1972 NASA formed a Pioneer Venus Science Steering
Group to enlist the scientific community's widespread
participation in establishing the science requirements
for the Pioneer Venus missions. 1In analyzing the effect
of various Venus exploration programs on the current
Pioneer Venus program, the group concluded that:
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"We see the opportunity for a real scientific
collaboration in which United States, Soviet Union,
and ESRO 1/ programs can build upon znd complement
each other within the agreements for ~ollaboration
that have been negotiated between Governments

and National space programs * * * "

They pointed out that although no specific agreements had
been reached, initial planning had begun to determine the
feasibility of cooperating with the European Space Agency
on the Pioneer Venus orbiter mission.

In hearings before the Congress in 1974, NASA testified:

"We are committed by statute and policy to
international cooperation in space research and
we have made agreements with 55 nations for
cooperation in space science activities * * x n

"Our relationship with the Soviet Union involves
both cooperation and competition. While we have
made considerable progress in exchanging lunar
samples and data from our planetary and magnetos-—
pheric studies, there is not quite the close

and integrated cooperation that features our
relationship with the nations of Western

Furope * * * v

"We intend to encourage cooperation between the
United States and other nations in our present
and future space science programs * * * "

SOVIET VENERA PROJECTS

The Soviet Union has been interestec in the exploration
of Venus since the early 1960s; it launched its first Venera
spacecraft in February 1961. The first three Venera space-
craft provided little information about the planet because
the spacecraft communications failed before they reached the
pianet. The next seven missions succeeded in obtaining atmos-
pheric and, to some degree, surface measurements. The United
States has had three successful Mariner flyby missions to
Venus. (See app. I for listing of spacecraft missions to
Venus.)

1/ESRO is the European Space Research Organization--later
renamed European Space Agency.



For a time, NASA was very concerned about the extent of
duplication between the Pioneer Venus project and the Soviet
Venera program. Due to the Soviet's past policy of secrecy
concerning its space program, NASA knew very little about the
Venera 9 and 10 programs. The agency was concerned that suc-
cessful Soviet missions might have an adverse effect on the
funding of the Pioneer Venus project. Following the Soviet's
release of information on their program, the scientific com-
munity considered the extent of technological duplication
between the projects of the two countries to be slight.

The most recent Soviet spacecraft to Venus, Venera 9
and 10, were launched on June 8 and 14, 1975, respectively.
On reaching Venus, descent vehicles separated from the main
spacecraft and made soft landings on the planet on October 22
and 25, 1975. The spacecraft were placed into an orbit around
Venus. During descent and for about one hour thereafter, the
scientific instruments studied such things as atmosphere,
ervironment, surface comprsition, temperature, and wind
velocity.

Superficially, the Venera and Pioneer Venus missions
appear to be very similar with their simultanecus use of
entry probes and orbiters. Although many of the instruments
appear to be duplicates, scientists believe that the Pioneer
Venus instruments are much more sophisticated than their
Venera counterparts.

After meeting with Soviet scientists in June 1976,
Amer ican scientists associated with the Pioneer Venus project
made the following observations:

--Venera scientific investigations emphasized
surface science rather than atmospheric science.
Excellent pictures of the planet's surface were
taken, and good measurements of surface wind
speeds obtained.

- -Some good atmospheric measurements of solar energy
and cloud data were obtained; however, other
atmospheric measurements were disappointing.

For example, the Soviets apparently questioned

the validity of data obtained from one of their
instruments. In another instance, American
scientists were disappointed in some cloud measure-
ment data.
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In summary, little change in American scientific
concepts of Venus resulted from the Venera 9 and 10 missions.
Amer ican scienticts believed that the Soviets (1) presented
all available information at the June 1976 meetings but (2)
have not analyzed all the data from these latest Venera mis-
sions. NASA scientists have concluded that the total science
accomplished on Venera 9 2~ ' 12 was relatively poor.

COOPERATION WITH THE SOVI. ' (ION

NASA has attempted tu cooperate with the Soviet Union in
joint planetary missions, However, the Soviets have chosen to
restrict the relationship to one of coordinating planetary
goals and exchanging results of completed missions.

Officials at Ames advised us that there have been many
discussions concerning joint space ventures, but that gener-
ally such discussions have not been productive. The exception
is the joint Apollo-Soyuz micsion in 1975. Ames officials
expressed the opinion that the time has not been ripe for a
joint venture with the Soviet Union in exploring Venus.

They stated that the Sovie: Union is currently somewhat ahead
of the United States in the exploration of Venus in that it
has already soft-landed a vehicle on the planet and has

taken pictures and other measurements.

United States and Soviet relationships in space explora-
tion are discussed in some detail in Volume II of "Soviet
Space Pregrams, 1971-75, Goals and Purposes, Organization,
Resource Allocations, Attitudes Toward International Coopera-
tion, and Space Law," &~ August 30, 1976, staff report for
the Senate Committee on Aeronautical and Space Sciences,.

The report stated

"Soviet Space politics with respect to the United
States since 1971 suggest *** that the governing

factor in space relations is the political environ-
ment in which they function. Simply stated, an
environment of tension produces negative responses;

one of detente, positive responses. In both cases,
space exploration is manipulated to achieve certain
political purposes. The Apollo-3oyuz project probably
would have been inconceivable in 1971; in 1975 it was

a logical outgrowth of detente; it made political sense.
In large measure, therefore, the future of Soviet space
politics will be determined, as in the past, by the
character of Soviet-American political relations."
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NASA has said that there could be cost reductions in
Venus explora+tion if the United States were aware of future
Soviet plans and if agreements were made that each mission,
whether launched by the Soviet Union or the United States,
would be comprised of experiments developed by the scientific
communities in each country.

The NASA Administrator, during a June 1977 press con-
ference, stated that a series of uncoordinated missions to
Mars or Venus or any other planet clearly would be less strong
than a series in hich the United States and the Soviets could
agree on objectives. He said that he thinks it important that
the United States explore with the 3oviets how the two plane-
tary programs complement each other so that they would be
stronger than they would be if they were completely indepen-
dent.

COOPERATION WITH THE EURCPEAN SPACE AGENCY

At an April 1972 meeting, representatives of NASA and
the European Space Agency decided to examine the terms on .
which both oryarizations could cooperate on the Venus orbiter
mission. The principles of such cooperation, which would not
involve any exchange of funds between the two organizations,
were as follows:

~~NASA would produce and provide the Europeans
with the orbiter spacecraft and common equipment.

--The Europeans would adapt the spacecraft as
appropriate, and specific orbiter mission equip-
ment and carry out the integration of scien-
tific experiments and qualification tests.

--The orbiter would then be returned to NASA for
launch and flight operations.

Although the Europeans did participate substantially in
the planning phase, they decided that they would not partici-
pate in the fabrication of hardware for the orbi%ter spacecraft.
Ames “ficials advised us that European funding priorities
were a factor in this decision. The Europeans chose to put
their resources into an X-ray astronomy mission and a magneto-
spheric physics mission.

FOREIGN PARTICIPATION IN PROJECT

Despite the European Space Agency's pullout from the pro-
ject. England and Germany are participating as follows:
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Estimated Estimated

participating NASA
Country Instrument cost cost

(millions)
England Orbiter infrared
radiometer a/ §0.1 $§2.8

Germany Bus neutral mass
spectrometer b/ 2.5 -

Germany Orbiter retarding
potential analyzer a/ .8 1.0

a/ The estimated cost of subassemblies to be furnished to U.S.
~ instrument contractors.
b/ Instrument being designed and developed in Germany.

Ames officials advised us that NASA will benefit from such
participation by obtaining the data without having to incur
the full cost of the instruments.

CONCLUSIONS

U.S. relations with other natiens involve elements of
competition and cooperation. It can be argued that space
technology and scientific knowledge are valuable assets which
should be closely held to protect th: U.S. technical and
scientific lead. It can also be arjued that full cooperation
and sharing with other nations would generate sufficient
international goodwill to offset short-range U.S. technolo-
gical lcsses, We believe “here is a balance somewhere between
these two extremes which would best serve the interests of the
United States.

NASA officials testified before the Congress in 1974 that
they were committed to encouraging international cooperation
between the United States and other nations in current and
future space programs. While we noted some degree of coopera-
tion with other nations, there has been only one instance of
a major cooperative space effort with the Soviet Union--the
Apollo-Soyuz project. We recognize that the political
climate has, at times, caused a negative Soviet reaction to
NASA attempts at cooperation.

A number of nations are interested in the exploration

of Venus--most notably, the United States and the Soviet
Union. At the present time the scientific objectives of
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these two nations differ. The United States is emphasizing
atmospheric science, while the Soviet Union is emphasizing
landed science. Scientists have noted that many of the
instruments used by the Soviet Union in their exploration

of Venus are similar to instruments to be used on the
Pioneer Venus project. NASA considers the Venus exploration
programs to be complementary.

Spending hundreds of millions of dollars on the explora-
tion of Venus by the United States and the Soviet Union
inherently involves massive duplication of effort. 1In our
view, space race competition contributed to the lack cof more
meaningful cooperation in exploring Venus. However, the lack
of cooperation in the past should not discourage future
efforts,

Pronouncements by the NASA Administrator as recently as
June 1977 indicate that NASA shares our view that cooperative
space exploration is potentially beneficial., Attempts to ob-
tain closer cooperation with the Soviets in planetary explora-
tion might result in strongyer programs at less cost.
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CHAPTER 6

MATTERS FOR THE CONSIDERATION OF THE CONGRESS

This report contains recommendations which, if
implemented, will provide the Congress with better informa-
tion on Pioneer Venus project costs, reserves, funding data,
contractor cost data, and the gquality assurance program.

NASA, for the most part, does not concur in our recom-
mendations. As a result, congressional committees with legis-
lative and oversight responsibility for NASA programs will
have less than full information. Accordingly, we recommend
that these committees request, to the extent they need more
program information, that NASA implement our recommendations.
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UNITED STATES (MARINER) AND SOVTET UNION (VENERA)

MISSIONS TO VENUS

Sgacecrqgg Launcg : BiﬁﬂlEE
Venera 1 Feb. 1961 Communications failed

before arrival. ©Passed
Venus at 100,000 k.

Mariner 1 July 1962 Launch vehicle veered »ff
course. Had to e destroyed.

Mariner 2 Aug. 1961 Passed Venus at 34,833 km.
Obtained measurement of
surface temperature,
cloud cover structure,
magnetic field, and
radiation.

Venera 2 Nov. 1965 Communications failed
before arrival. Passed
Venus at 24,000 km.

vVenera 3 Nov. 1965 Communications tailed
before arrival. Struck
venus 450 km from center
of visible disk.

Venera 4 June 15§87 Provided detailed measure-
ments of atmospheric
compcsition, pressure,
and temperature. Entry
probe probably came
within 25 km of surface
before destruction.

Mariner 5 June 1967 passed Venus at 4,100 km.
Obtained measurements of
mass and size, atmosphere,
magnetic field, and
radiation.

Venera 5 Jan. 1969 Refined data from Venera 4.

Signals ceased before entry
probe reached surface.
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Spacecraft

Venera 6

Venera 7

Venera 8

Mariner 10

Venera 9

Venera 10

Launch

Jan. 1969

Aug. 1970

Mar. 1972

Nov. 1973

June 1975

June 1975
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Results

Further refined data ob-
tained from Venera 4.
Signals from entry probe
ceased before reaching
surface.

Bus and probe made at-
mospheric measurements.
Probe survived on surface
for 20 nminutes, measuring
atmospheve, tem>~rature,
and pressure.

Measurements made in upper
atmosphere. Entry probe
took measurements of

lower atmcsphere. Probe
survived about 50 minutes
after soft landing, taking
mcasuiements of surface
composition, temperature,
and pressure.

Performed radar mapping of
planet. TV cameras took a
total of 4,165 pictures of
Venus.,

Orbiter made measurements
of atmosphere, cloud cover,
and magnetic field. Entry
probe soft-landed, surviv-
ing for 53 minutes. Made
some surface measurements,
and sent back photographs
of landing site.

Orbiter and entry probe
took similar measurements
as Venera 9. Probe
operated for 65 minutes

on surface and returned
photographs of its landing
site.
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[UNASA

National Aeronautics and
Space Administration

Washington. D C.
20546

Flephy to Attt of w

JUN 15 1977

Mr, R. W. Gutmann

Director

Procurement and Systems
Acquisition Division

UU.8. General Accounting Office

Washington, DC 20548

Dear Mr. Gutmanrn:

Thank you for the opportunity to comment on the GAO draft
report entitled "Analysis of the Pioneer Venus Project"”

(Code 952147). The enclosed NAS: comments are keyed Lo

the segments of the draft report to which they pertain.

In addition to these specific comments, we are concerned
about two significant general aspects of the draft report:
the proposed creatment of project reserves, and misstatements
of facts in three major areas ¢f the draft report.

With regard to disclcsure of Pioneer Venus contingency

funds, NASA is always ready to provide the Congress with
detailed information. However, it 1is essential that NASA's
continuing internal cosit assessments be treated as privileged
management information. Such internal information should not
be available to contractors through (1) the GAO reports,

per se, or (2) subsequent agency reports in the manner
recommended by G20.

In March 137) GAO and NASA agreed that the agency's estimates
of run-ouc coets of individual contracts must be protected
from puklic cisclosure to (1) avoid prejudicing the Government
in future negotiations with the contractors and (2) avoid the
discleosure of data which would permit contractors to predicate
tt.zor claims on NASA's estimates of projected costs. (See
BE-159835, 5/11/71. Also, G20's report con NASA's Skylab
Program {B-172192, 6/17/71) was "restricted" for these
reasons.) Subsequently, these liaitations were published

in NASA's operating instructions (NMI 1325.3) which GAO
reviewed while the instructions were being developed.
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The subject draft report states:

0 Page 16 - "We understand NASA's reluctance to openly
report project reserves. Such knowledge could presumably
give a contractor a better negotiating position.

However, we believe that the information needs of
Congress are overriding ... (Underscoring supplied.)

0 Page 17 - "We recommend that the Administrator of
NASA inform cognizant congressional committees of the
amounts of project reserves contained in budget
requests for new projects and how such funds are
subsequently used."

© Page 22 - "... we recommend that the Administrator of
NASA provide cognizant committees with information on
(1) NASA's and the contractor's current estimates of
the cost of the Pioneer Venus Spacecraft contract cost
at completion, ... and (3) NASA's estimate of the
maximum fee which can be earned by the contractor at

completion." [See GAO note 1, p. 47.]

The implication of these recommendations is that the
information should be openly reported in the Project

Status Reports. We strongly disagree with this for the
reasons stated above. 1If, on t%e other hand, the GAO has
in mind the furnishing of such data on a restricted,
individual basis to interested members of Congress, we
would have no objection. Accordingly, we disagree with the
iwclusion of the foregoing statements and recommendations,
or any other similar language, in the proposed report.

With respect to the accuracy of facts, there are three subject
areas of concern (1) the administration of the reliability and
quality assurance program for the Pioneer Venus project,

(2) the technical problems relating to the parachute, and

(3) international cooperation. We are confident that the
cognizant NASA Headquarters officials can clarify and correct
information that the auditors may have already assembled that
is incoirect as indicated in our enclosed comments .

Sincerely,

7

3 3wy VC\"/// C/')yy,,,mw/
_Kenneth R, C apmatré,/
Assistant Adminis tor for
DOD and Interagency Affairs
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WATIONAL AERONAUTICS AND SPACE ADMINISTRATION
COMMENTS ON
GAO DRAFT REPORT TO THE CONGRESS OF THE UNITED STATES
ARALYSIS OF THE )

PIONEER VENUS PROJECT
(CODE 952147)

NASA has completed its review of the GAO draft report on the analysis
of the Pioneer Venus project, and our comments follow:

Page i, 1st paragraph under FINANCIAL ASPECTS OF PROJECT

COMMENT: This summary comparison of the GAO and NASA project
cost estimates should specify that the difference
lies in the GAO's inclusion of certain prorations of
indirect support elements which NASA believes should
not be classified as project costs.

[See GAO note 2, p. 47.]

Page ii, last full sentence

START THIS SENTENCE:

—In our opinion-- (1f this is still true)
See comment referring to page 38, line 17.

[See GAO note 2, p. 47.]
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[See GAO note 2, p. 47.]

Pages 10 to 14, COSTS NOT INCLUDED IN NASA ESTIMATES

COMMENT: 1In our responsz to the GAO report on Project Status Reports
(PSR's) dated January 27, 1977, as in our response to prior
GAO comments of a similar nature, we noted that to provide
an estimate of Pioneer Venus costs including a paperwork
proration of support costs for launching, tracking and
acquiring data from the spacecraft would be misleading. To
do so would be to suggest that, were it not for the pProject,
these prorated costs would be avoidsble. On the contrary,
costs of this type represent a baseline capability not
sensitive to inclusion or exclusion in the budget of anyv
one project.

We do provide a single figure in the PSR's of all costs
vhich can be considered project-related. These include
unique, additive costs of launch vehicles, facilities,
tracking and data, and flight support as well as costs

of the project itself. This reporting conforms to the
GAO's expressed concept, with which we agree, that proiect
cost reporting should reflect the project’'s sconomic
impact on the NASA budget.

[See GAO note 2, p. 47.]
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[See GAO note 2, p. 47.]

Pages 14 to 17, RESERVE ACCOUNTS

COMMENT: T!e reason given by GAO for inquiring about the amount
of project reserves included in the budget was that the
Conpress 1s concerned with identifying areas where appro-
priation of funds may be questionable because programs have
not progressed to the stage where additional funds are
Justified. ' '

This concept is not in accord with the way in which
administration of incrementally funded Research & Developmen*
projects takes place. Progress toward the stage where
additional funds are justified is measured by project
development status and the rate at which costs are incurred
against appropriated funds--not by the amount of reserves
which way be planned in the total pProjzct. Reserve require-
ments are typically not estimated on a fiscal year basis

but rather are related to the development uncertainties in
the total scope of work.

Disclosure of estimated project contingency requirements in
documents readily available to contractors would weaken

the governinent's negotiating position, as the GAO itself

has observed. We stand ready, as always, to provide the
Congress any information it desires on any project, but,
especially with respect to estimated contingency requirements,
we believe this should be done in a maaner to protect the
government 's interest.

[See GAO note 2, pP. 47.]
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[see GAO note 2, p. 47.}

Pape 17-20, PROJECT FUNDING

COMMENT :

The Selected Acquisition Report, on which the PSR is
modeled, contains data only on project funding. It
contains no data on allotments, obligations, and expen-
ditures. In attempting to make the PSR an all-purpose,

all encompassing document the GAO goes far beyond the
original intent of the PSR as a convenient project summary.
The PSR is not a suitable vehicle for detailed fiscal analysis.
To include these details in the PSR would be to burden the
covered projects with details out of all proportion to
their place in the total NASA program which includes many
other important activities for which such data would not
be shown in this fashion. We do not recommend such
unbalanced handling of fiscal data. Fiscal progress
reporting is already covered in complete detail in the
agency's regular managemeut information system. Data

on all our projects are always available to the Congress.

Page 20 to 22, CONTRACT COST GROWTH

COMMENT:

In responding to the GAO report on ‘Improved Reporting
Needed on National Aeronautics and Space Administration
Projects" (Final report dated January 27, 1977), we pointed
out that the type of contractor cost data that is included
in Department of Defense Selected Acquisition Reports might
be more appropriate when procuring to well-defined speci-
fications and prime contractor performance can be relatively
independent of development problems. However, in the case
of research and development procurement, the project is
subject to considerable change during its lifetime. The
initial contract price is subject to later amendments as
more knowledge is acquired about the research and develop-
ment program. Current contract target and ceiling prices
are subject to readjustment. The contractor's estimated
price at completion will change as the scope of work is
impacted by development events.
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APPENDIX II

The key to project cost administration lies in the
government ‘s ability to provide properly for anticipated
changes and to administer the project co that total project
cost is controlled. The PSR should focus on this total,
not the partial picture reprcsented by contract price at’
any one time.

For these reasons, we suggest that prime contractor cost
data, if added to the PSR's, would complicate the report
and could lead to serious misinterpretation of project
status. We would not recommend their inclusion.

In each successive PSR, we do discuss at project level, the
reasons for such cost growth as may have occurred, noting

vhether due to inflation, project scope changes, technical
difficulties, or other reasons.

[See GAO note 2, p. 47.]_
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[see GAO note 2, P. 47.]

Pages 28 and 29, last line on page 28 and first tvo on page 29

REPLACE WITH: --believe, however, that the risk is very small and
that the potential cost savings was great.

COMMENT : The launcu window is believed mdequate to insure a
successful launch., Earlier release of the nose fairing
still leaves heating and dynamic pressure at half their
design value. Viking and Helios used a 90 nautical
miic coast orbit, as is now planned for Pioneer Venus.

[See GAO note 2, 1+ 47.]
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[See GAO note 2, p. 47.]

Page 33, first two sentences

COMMENT: NASA does not agree. If these sentences represent the current
GAO opinion, they should start with "In our opinion."

Page 33, 3rd sentence

REPLACE WITH THE FOLLOWING: Since Ames did not plan to add their
quality surveillance until after we
completed our field work, we do not know
if it was adequate.

COMMENT: See comment on page 35, line 16.

Page 34, after line 11

ADD A PARAGRAPH AS FOLLOWS: For Pioneer Venus, however, NASA placed
special emphasis on low cost and encour-
aged bidders to suggest methods for cost
savings.

COMMENT: This statement is needed to place the discussion in proper
perspective.

Page 35, line 16

ADD THE FOLLOWING: Ames planned to accomplish these functions by
hiring in-plant-representatives and later, as
flight hardware activities began, by contracting
for quality assurance people.

Page 38, 1st gentence

ADD THE FOILLOWING: <--, as had been planned by Ames.

COMMENT: This change is recommended to preclude the possible misimpression
that this action was taken in T :sporise to the GAO review.
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Page 38, line 15

REPLACE WITH: «=the benefit of the usual Government control (ddlcgatcd

COMMENT :

Page 38
COMMENT :

survzillanceJover the—

Since the only significant difference between the Pioneer

Venus contractor surveillance program and the usual Government
control relates to the delegation of surveillance responsibility
to other Government organizations, it is considered important

to clarify this point.

The sentence starting on line 17 iamplies an undisputed risk

in not using delegated surveillance. Ames management, the
Pioneer Project Office, and the Pioneer Program Office feel

that the risk is currently no greater with Picneer surveillance
than with the delegated mode. If the GAO feels the risk is
greater, then the sentence should be more like, "We believe

that Pioneer surveillance involves a greater risk than delegated
surveillance and that this risk is not warranted."

[See GAO note 2, p. 47.]
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[See GAO note 2, p. 47.]
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[See GAO note 2.]
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Noel W. Hinners
Associate Administratcr
for Space Science

GAO notes:

1.

2.

Page numbers in this appendix refzr to a
preliminary copy of this report.

Portions of the appendix have been deleted
because they are no longer relevant to the
matters discussed in this report.
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PRINCIPAL NATIONAL AERONAUTICS AND SPACE

ADMINISTRATION OFFICIALS RESPONSIBLE FOR

ACTIVITIES DISCUSSED IN THIS REPORT

Tenure of offigg

From To

ADMINISTRATOR:

Robert A. Frosch June 1977 Present

Alan M. Lovelace (acting) May 1977 June 1977

James C. Fletcher Apr. 1971 May 1977

George M. Low (acting) Sept. 1970 Apr. 1971
DEPUTY ADMINISTRATOR:

Alan M. Lovelace June 1976 Present

George M. Low Dec. 1969 June 1976
ASSOCIATE ADMINISTRATOR

FOR OFFICE OF SPACE SCIENCE:

Noel W. Hinners June 1974 Present

John E. Naugle (acting) Mar. 1974 June 1974

John E. Naugle Dec. 1971 Mar. 1974

(952147)
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